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Abstract The Ilizarov technique is an alternative for the

treatment of complex foot deformities in children. The

authors retrospectively reviewed children with relapsed

clubfoot deformity, treated with soft tissue procedures and

additional correction with an Ilizarov frame. Twelve con-

secutive patients (13 feet) with relapsed clubfoot deformity

after previous surgical correction were reviewed. Treat-

ment included open releases. An Ilizarov frame was

applied as an adjunct in seven patients (mean age of

7.8 years) with severe deformity where complete intraop-

erative correction was not achieved. Clinical and

radiographic assessment was undertaken. The mean Laa-

veg–Ponseti score, for the 7 feet treated with the Ilizarov

frame, was 85.1 after minimum 4 years follow-up. One

recurrence of forefoot deformity required metatarsal oste-

otomies. Postoperative radiographic measurements

revealed values that can be considered as normal. Com-

plications included pin tract infections (12% of inserted

wires). Flat-topped talus was observed in 3 feet. Deformity

correction was possible when soft tissue procedures were

combined with the use of Ilizarov technique, in order to

support and gradually improve surgical correction.

Keywords Clubfoot � Ilizarov � Recurrent � Relapsed �
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Introduction

Clubfoot in the neonates is a complex foot deformity

including equinus, hindfoot varus, forefoot adductus, and

sometimes pes cavus. The idiopathic form presenting as

congenital talipes equinovarus (CTEV), is a common

congenital foot deformity occurring in one to three per

thousand live births and is related to multi-factorial

inheritance [1–3]. Other causes of clubfoot include

arthrogryposis, spasticity, Charcot–Marie-Tooth disease,

meningomyelocele and encephalitis [1].

The aim of treatment of the clubfeet is to obtain fully

corrected, mobile, plantigrade feet at maturity, walking

comfortably with normal shoes. However, even with sur-

gical management, individuals may present with some

residual deformity and may suffer from a recurrence

requiring further surgery in about 20% of cases [4]. Mul-

tiple operations, however, often result in a stiff, small and

painful foot [5, 6]. Moreover, when surgical treatment

involves bone procedures the foot is further shortened. An

alternative treatment method is gradual distraction with or

without soft-tissue release or bony distraction following an

osteotomy and using the Ilizarov technique.

During the last two decades, the Ilizarov technique has

been used increasingly in the treatment of complex resis-

tant clubfoot deformities in children [7–23]. Ilizarov

showed that both soft tissue and bone are amenable to

lengthening by distraction histogenesis [7]. The Ilizarov

technique involves placing tension wires through the bony

structures of the clubfoot to realign the joint surfaces and

foot anatomy in all three planes [7, 10, 11, 15, 17].

Depending on the severity of the deformity and the

patient’s age the Ilizarov technique can be combined with

posteromedial soft tissue releases, tendon lengthening and

osteotomies if necessary [10, 17, 24], to avoid acute
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correction often associated with soft tissue healing prob-

lems and neurovascular complications [7, 10].

In this study, we retrospectively reviewed patients with

relapsed clubfoot deformity treated with soft tissue proce-

dures and additional correction with the Ilizarov frame.

Materials and methods

This is a retrospective analysis of patients with relapsed

clubfoot deformity after initial surgical correction. Twelve

consecutive patients (13 feet), 9 boys and 3 girls, were

included. Congenital talipes equinovarus (CTEV) was the

diagnosis in 10 feet (9 patients), paralytic clubfoot in one

(posttraumatic sciatic nerve palsy with complete tibial and

incomplete peroneal nerve recovery), whereas meningo-

myelocele and encephalomyelitis shortly after birth were

the causative conditions in the remaining two cases. Eleven

patients (12 feet) were skeletally immature. Three children

had bilateral deformities, the contralateral side requiring

further surgical treatment in one boy. Eleven feet had one

previous operation, while two feet had two prior proce-

dures (average 1.2 ± 0.4). All previous operations

consisted of soft tissue releases. Ten (11 treated feet) of 12

patients were referrals. All patients underwent further

surgical treatment by the same group of surgeons. Seven

patients (7 feet) required the addition of a circular frame

for gradual skeletal postoperative correction, whereas in 6

feet the correction was completed acutely and stabilized

with Kirschner wires (K-wires). The use of an Ilizarov

frame depended on the surgeon’s judgment intraopera-

tively, of the degree of correction achieved after soft tissue

releases were completed. Involvement of both hindfoot and

forefoot and a stiff deformity, hardly correctable passively

to any degree, and/or resistant intraoperative deformity

after soft tissue releases were indications for an Ilizarov

frame application, so to gradually improve and maintain

correction, in children older than 3 years of age.

Soft tissue releases were always performed using loops

magnification (94.5). An extended posteromedial incision

was used, often in line with a previous posteromedial

incision. The posterior tibial neurovascular bundle was

identified and dissected free of scar. The tibialis posterior

(TP), flexor digitorum longus (FDL) and flexor hallucis

longus (FHL) tendons were isolated along the entire length

of the incision. The Achilles tendon was approached

medially and in most cases, scaring was present between

the Achilles tendon sheath and Achilles tendon itself.

Posterior and medial dissection allowed visualization of the

posteromedial aspects of the ankle joint, subtalar joint, and

the medial and plantar and dorsal aspect of the talonavic-

ular, navicular-cuneiforn and first tarsometatarsal joints.

Complete release by capsulotomies of the ankle, subtalar,

talonavicular and first tarsometatarsal joints until mobili-

zation of the ankle, hindfoot, and midfoot was obtained. In

all cases, irrespective of the presence of a cavus deformity,

a plantar fascia release was performed near its origin.

Flexor digitorum brevis and hallux abductus muscles were

also released from their proximal insertions to allow fore-

foot correction. The ankle joint posterior capsule release

was necessary to correct hindfoot equinus. Medial releases

were used to correct varus of the hindfoot and adduction of

the midfoot. Calcaneocuboid release was used in two cases

to realign the lateral border of the foot. After the release

had been completed, the foot and the ankle were partially

corrected and the Achilles, TP, FHL and FDL tendons were

lengthened and repaired.

The Ilizarov frame (Smith and Nephew, Memphis,

Tennessee) was applied after the completion of soft tissue

releases and closure of the surgical incisions in seven cases

with a mean age of 7.8 years (range 3–17). In all these

cases, the relapsed deformity was not correctable passively

at the end of the soft tissue release/lengthening procedure.

The frame consisted of two tibial rings and a half ring

placed posterior and fixed on to the calcaneus (Fig. 1).

Another half-ring for transfixion of the anterior and mid-

foot completed the frame configuration. Crossed 1.5 mm

wires tensioned at 70 kg, were used to fix the rings. The

tibial rings were placed in the mid- and distal tibia with

either half-pins or tensioned wires. A hinged construct was

used for equinus correction, as reported also by other

authors [18]. Distractors connected the calcaneal and tibial

rings to allow for correction of equinus and varus

sequentially (Fig. 1). The midfoot ring distractors were

positioned so that the equinus, supination, and adduction

could be corrected. Additional distractors, placed medially

Fig. 1 The Ilizarov frame (Smith and Nephew, Memphis, Tennessee)

consisted of two tibial rings, a half ring placed posterior and fixed on

to the calcaneus and a midfoot transfixion half-ring. Hinges placed

appropriately allowed gradual correction
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and laterally between the metatarsal and calcaneal half-

rings, were applied to correct residual cavus. The hindfoot

deformity was corrected by lengthening the two rods

connecting the tibial segment to the hindfoot fixator seg-

ment. The medial rod was lengthened faster than the lateral

one to obtain simultaneous correction of the varus defor-

mity. Adduction and cavus deformities of the midfoot and

forefoot were corrected by lengthening the rods that con-

nected the hindfoot to the forefoot. Equinus deformity was

the last to be corrected. Distraction and gradual correction

started 2 days following surgery and lasted until some

overcorrection was obtained. Normal weight bearing

mobilization was allowed at the child’s tolerance, when a

plantigrade foot was achieved. The frame remained in situ

for 9–12 weeks depending on the severity of the deformity

and the degree of stiffness. The frame was then removed

under sedation anesthesia and a below knee walking cast

was applied for 6 weeks. Night splints were used thereafter

for 6 months. In the other subset of 6 feet, the K-wires

were removed in the eighth week followed by application

of a walking cast (6 weeks). Night splints were used

thereafter for 6 months.

In the remaining five patients (6 feet) percutaneous

K-wires, from the calcaneus to the subtalar and ankle

joints and across the first metatarsal—talus axis were used

after defining an appropriate corrective position. Three of

these children (4 feet) were younger than 3 years old

when revision surgery was performed and although two of

them (2 feet) presented with stiff deformities, application

of an Ilizarov frame would be inappropriate for their age.

One 4-year-old boy presented with a fully correctable

hind- and forefoot deformity after open soft tissue relea-

ses. A 7-year-old boy with learning difficulties (premature

birth) presented with a stiff hind- and forefoot deformity.

Primary cause was posttraumatic sciatic nerve palsy.

Previously (8 months old) he has had a tibialis anterior

transfer. The option of an Ilizarov frame application was

discussed with his parents preoperatively, but was not

chosen because of the patient’s mental health deficiency

and care difficulties.

Patients were evaluated according to the following

clinical criteria: foot and ankle shape and alignment (heel

varus or valgus malalignment), pain, range of motion,

capacity to walk, ability to wearing conventional shoes,

absence of significant recurrence of the original deformity

and parents’ satisfaction with the final appearance and

function of the leg. Whenever the patient’s age did not

allow reliable subjective measurement of pain and evalu-

ation of activities and walking ability, the parents’ opinion

was considered instead. The results were quantified

according to the Laaveg and Ponseti functional rating

system [25]. Radiographic measurements included angle

measurements on the anteroposterior (talo-calcaneal, talar-

1st metatarsal and calcaneal-5th metatarsal angles) and

lateral views (talo-calcaneal angle). Foot and ankle anter-

oposterior and lateral radiographs were taken with ankle in

dorsiflexion. Both clinical and radiographic evaluation for

research purposes was undertaken by an independent

examiner, other than the surgeons.

Student’s T test was applied to compare pre- and post-

operative values of radiographic measurements. Level of

statistical significance was set at 0.05.

Table 1 Summary of patients data, surgical procedures and outcomes

Gender Cause Age 1st procedure

(months)a
Age 2nd procedure

(years)b
Ilizarov

frame

Time in frame

(weeks)

Follow-up

(months)

Laaveg–Ponseti

score

1 M CTEV 4 4 No NA 60 96

2 M EM 12 12 Yes 9 52 77

3 F CTEV 12 17 Yes 12 54 82

4 F CTEV 6 1.5 No NA 48 81

5 M CTEV 6 5 Yes 10 48 97

6 M CTEV 5 2.5 No NA 64 96

7 M CTEV 7 3 Yes 8 84 86

8 M CTEV 14 3 Yes 13 64 83

9 M CTEV 3 10 Yes 12 64 98

10 F MMC 24 4.5 Yes 12 64 73

11 R M CTEV 12 2.5 No NA 30 88

11 L M CTEV 12 2.5 No NA 30 84

12 M PAR EQCV 8 7 No NA 24 86

R right, L left, M male, F female, MMC meningomyelocele, EM encephalomyelitis, PAR paralytic, EQCV equinocavovarus, NA non-applicable
a Age 1: Age at initiation of surgical treatment (months)
b Age 2: Age at treatment of relapsed deformity (years)
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Results

The patients had their first surgical intervention to correct

the clubfoot deformity at a mean age of 9.6 months (range

3–24 months). They were treated for their relapsed defor-

mity at a mean age of 5.7 years (range 1.5–17 years) and

followed for a mean of 52.8 months (24–84 months). The 7

patients (7 feet) treated with the Ilizarov technique as an

adjunct for deformity correction, had a mean age at first

surgical correction of 11.1 ± 6.9 months (range 3–24) and a

mean age at correction of the relapsed deformity of

7.8 ± 5.4 years (range 3–17). The external ring-fixator

remained in situ for a mean of 11.4 weeks (range 9–13).

They underwent 1.1 (range 1–2) previous surgical correc-

tions and were followed for at least 4 years (mean

63.7 months). The mean Laaveg–Ponseti score for the 13

feet was 86.7 ± 8.0 (range 73–96) and the result was con-

sidered excellent in 4 feet, good in 7 and fair in 2, whereas

the mean score for the 7 feet treated with addition of the

Ilizarov frame was 85.1 (2 excellent, 3 good, 2 fair results)

(Tables 1, 2).

Both cases with a fair result were children with neuro-

logic disorders (encephalomyelitis and meningomyelocele)

severely affecting their walking ability and gait, despite

good alignment and correction. All other patients had

normal activities compared to children of their age and all

were able to wear conventional shoes. Maximal foot length

in 9 patients with unilateral involvement was 6.7% (range

3.3–8.9) shorter than the contra-lateral healthy side, at the

final follow-up. Maximum calf circumference in the same

Table 2 Clinical outcome according to the Laaveg-Ponseti scale

Score Total (13) Ilizarov (7) K-wires (6)

Excellent (90–100 points) 4 2 2

Good (80–89 points) 7 3 4

Fair (70–79 points) 2 2 0

Poor (\70 points) 0 0 0

Table 3 Radiographic

parameters (mean values) at

final follow-up, in 7 stiff feet

requiring an Ilizarov frame

MT metatarsal, AP
anteroposterior, lat lateral,

stdev standard deviation

Significant differences were

obtained between pre- and

postoperative values

Talo-calcaneal

(AP)

Talus- 1st MT

(AP)

Calcaneus- 5th MT

(AP)

Talo-calcaneal

(lat)

Preop.

Mean 17.9 24.9 25.9 24.1

Stdev 5.1 13.0 12.8 7.9

Postop.

Mean 32.0 9.0 7.6 36.7

Stdev 5.4 2.8 3.8 5.8

P value \0.001 0.02 0.01 0.01

Fig. 2 Pre- and postoperative

radiographic angle

measurements for each patient
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subgroup was 11.4% (range 5.6–14) shorter, respectively.

The respective values for the 6 unilaterally affected

relapsed clubfeet treated with an Ilizarov frame were 3.2%

(range 3.3–7.8%) shorter maximal foot length and 8.7%

(range 5.6–10.5%) shorter maximal calf circumference.

Although standing radiographs should be obtained [26],

standardized radiographic views were not always possible

due to the young age of most of the patients. Radio-

graphic measurements significantly improved after

treatment as shown in Fig. 2 and Table 3 and postopera-

tive measurements revealed values that can be considered

as normal [1, 26].

Complications included pin tract infections (12% of

inserted wires), all resolving with local care. A flat-topped

talus (Fig. 3f) was observed in 3 feet (Table 1, patients 3,

7, 8). Talonavicular subluxation, distal tibia epiphysiolysis,

or claw-toe deformities were not observed. External fixator

intolerance was not reported by any of the patients or their

parents.

Recurrence of forefoot adduction occurred in one patient

(case 7) 36 months after correction using an Ilizarov frame.

He underwent open arthrolysis of the midtarsal joints,

however, stiffness prevented full correction. Thus, proxi-

mal metatatarsal osteotomies were undertaken and a

Fig. 3 Relapsed stiff clubfoot

deformity (a) required soft

tissue releases (b) combined

with application of an Ilizarov

frame (c) at the age of 3 years.

Forefoot deformity recurrence

(d) at the age of 6 years

required proximal metatarsal

osteotomies. Good alignment is

maintained at the age of

10 years (e–i). Flat topped talus

on the lateral radiograph (f)
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well-aligned, painless foot has been maintained up to the

final 48 months follow-up at the age of 9 years (Fig. 3).

Discussion

Controversy regarding the best treatment of congenital

clubfoot has been present for 2,500 years, with Hippocrates

proposing treatment with manipulation and splinting [4].

Excellent or good results with extensive surgical releases,

after unsuccessful manipulation and casting techniques,

have been achieved in 52–91% of cases in the short term

[27–29]. Even successful surgery can result in a shortened

foot and the result may be unsatisfactory [5, 6, 10]. Long-

term studies showed that recurrence commonly occurs,

stiffness and ankylosis appears and arthritis of the hind-

and midfoot joints, often requires arthrodesis [5, 6, 28, 30].

Scar tissue after repeated soft tissue release makes

correction difficult but possibly manageable with the

Ilizarov technique [10, 17–20, 22, 24]. According to

Paley’s concept [10, 11, 22, 24], deformity correction can

occur without a need for complete release, tendon length-

ening, or osteotomies in children younger than 8 years,

with the soft tissues and bones still in a plastic state. The

process of realignment can activate the growth plates,

allowing joint congruity to be re-established with the foot

aligned in a plantigrade position. The potential risks from

excessive soft tissue stretching, however, are neurovascular

damage, ischemia, skin necrosis and secondary infection

[7–9, 15, 27, 29, 31]. Because scar tissue is least expand-

able, distraction by the Ilizarov technique alone may be

inadequate and subluxation of joints, lower tibia epiphy-

siolysis and claw toe deformities may occur [8, 12, 13, 16,

18, 20–22]. These complications were not observed in our

study, possibly because of open arthrolyses and tendon

lengthening that reduced the deforming forces. Further-

more, the use of loops for magnification enabled careful

anatomic dissection and protection of neurovascular

structures and adherent tendons.

The Ilizarov technique, used in 7 feet that were not

acutely corrected with the soft tissue release, allowed: (1)

gradual correction to prevent neurovascular complications;

(2) simultaneous three-dimensional, multilevel correction

and (3) multiple levels of fixation to prevent tight soft

tissues from deforming adjacent joints while correcting

target joints [7, 10, 15]. This approach did not shorten the

foot and probably allowed future remodeling.

The mean age of the seven patients undergoing correc-

tion with the Ilizarov technique was 7.7 years. We avoided

osseous procedures. Four patients (5, 7, 8, 10 of Table 1)

were younger than 8 years of age. One of these patients

(case 7) developed recurrence of forefoot adduction

3 years later, despite complete initial correction (Fig. 3).

For the three patients who were older than 8 years, soft

tissue procedures were selected since the recurrent defor-

mities were classified as flexible (cases 3, 9 of Table 1)

(Fig. 4) or had already talonavicular arthritis and the

treating surgeons decided to gradually correct the

Fig. 4 Asymptomatic, well-

aligned foot in a teenager after

soft tissue release and Ilizarov

frame application. The left foot

(arrows), initially surgically

treated at the age of 3,

underwent surgical treatment

for relapse of his clubfoot at the

age of 10 years (open

arthrolysis, Achilles, FHL, FDL

tendon lengthening and plantar

aponeurosis release

accompanied by an Ilizarov

frame), achieving a Laaveg–

Ponseti score of 98 after

4.5 years of follow-up
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deformity by soft tissue distraction alone and to withhold

the option of a triple fusion for the future (case 2).

A review of the literature revealed a few relatively small

case series of Ilizarov treatment in relapsed clubfeet [8, 9,

12–14, 18–23] (Tables 3, 4). Results of treatment varied,

with good/excellent outcomes ranging between 15 and

100%, while recurrence rates 5–61% were reported. Most

studies [8, 9, 13, 14, 16, 18, 20, 22, 23], reported good or

excellent results in more than 75% of patients. All published

reports, including the present study, have their limitations.

Each series considers deformities of variable severity, eti-

ology. Patients’ age and treatment methods applied are not

identical. Objective measurement of deformity and its

correction are often quoted but overall outcome is difficult

to standardize between papers as some authors use their

own version of the ‘excellent, good, fair, poor’ system.

Furthermore, there is no consensus for surgery outcome

measures and functional scoring systems [18].

The current case series carries weaknesses, the most

predominant being its retrospective nature, the small

number of cases studied and the inclusion of both con-

genital and neurogenic clubfeet. However, since relapsed

clubfoot deformity after surgical correction is an infre-

quent condition only small case series can be collected

and mixture of aetiologies causing clubfoot are included

in the majority of published papers. On the other hand,

the current study includes patients treated by the same

group of surgeons, applying constant principles in the

management protocol. The selected Laaveg and Ponseti

scale [25] used to evaluate our results, combines objective

and subjective clinical parameters associated with the

outcome of clubfoot surgery. On purpose, we did not use

outcome measures incorporating radiographic measure-

ments as they are difficult to be standardized and possibly

unreliable [26]. Clear indications for the use of a ring

external fixator and soft tissue or osseous procedures to

correct relapsed clubfeet do not exist [15]. These patients

may represent the severe end of a wide range of pheno-

types and thus individualization of treatment for each

patient may be justified. The application of the Ilizarov

technique could safely supplement treatment. The pro-

posed management for relapsed clubfeet aims at

preservation of pain-free joints in an aligned foot for the

young patients.

Conclusion

Deformity correction was possible even in older age when

soft tissue procedures were combined with the use of Il-

izarov technique, in order to support and gradually improve

surgical correction.
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